(19) 



J 





(12) 



Europaisches Patentamt 
European Patent Office 
Office europeendes brevets (11) EP 1 006 219 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

07.06.2000 Bulletin 2000/23 

(21) Application number: 99123238.0 

(22) Date of filing: 26.11.1999 



(51) Intel. 7 : C30B 25/14, C23C 16/44, 
B67D5/02, G01F 23/296 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES fl FRGBGRIE IT LI LU 


• Zorich, Robert Sam 


MCNL PTSE 


Carlsbad, CA 92009 (US) 


Designated Extension States: 


• Voloshin, George Oleg 


ALLTLVMKROSI 


San Diego, CA 92126 (US) 


(30) Priority: 30.11.1998 US 201005 


(74) Representative: 




Schwabe - Sandmair - Marx 


(71) Applicant: 


Stuntzstrasse16 


AIR PRODUCTS AND CHEMICALS, INC. 


81677 Munchen (DE) 


Allentown, PA 18195-1501 (US) 



(54) Ultrasonic level sensing in a chemical refill system 



(57) A system for transferring ultrapure chemical 
from a bulk or source reservoir to a smaller dispensing 
vessel or reservoir utilizing non-intrusive level sensing 
to provide for an effective or appropriate level of the 
chemical to be present in the dispensing vessel by auto- 
matic transfer from the source reservoir in response to a 



signal generated by the sensing device. Non-intrusive 
level sensing can accommodate both high and low vis- 
cosity chemicals without using moving parts and with- 
out the need for special fixturing or calibration. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] This invention pertains to vapor delivery sys- 
tems of the type used in semiconductor manufacturing 
and in particular to a system for transferring reagent 
chemicals from a bulk storage system to a small use 
vessel. 

[0002] The use of chemical reagents to produce 
various types of semiconductor devices is well known. 
These chemicals are typically packaged in sealed con- 
tainers so that there is very little chance of contamina- 
tion of the reagent prior to its being delivered to the point 
of use in the semiconductor manufacturing process. A 
good background description of chemical refill systems 
that are used to replenish the supply of reagents in a 
bubbler or ampoule is set forth in US Patent 4,859,375, 
the specification of which is incorporated herein by ref- 
erence. 

[0003] In addition, state of the art chemical delivery 
systems are available from Schumacher, a unit of Air 
Products and Chemicals Inc. located in Carlsbad, Cali- 
fornia. 

[0004] The bubbler or ampoule used to provide the 
chemical reagent for effecting treatment of a silicon 
wafer to produce the semiconductor device is usually 
contained in the clean room portion of the semiconduc- 
tor fabrication facility or Fab as they are often called. In 
order to provide the user with a continuous source of 
chemical reagent it is desirable and customary to refill 
the bubbler or ampoule, which frequently is a smaller 
vessel, inside of the clean room from a larger reservoir 
contained outside of the clean room. The necessary 
piping and electronic controls are well known in the art 
for transfer of the chemical reagent from the reservoir to 
the bubbler via pressurization using an inert gas, e.g. 
nitrogen, by vacuum transfer techniques, or pumping 
systems. 

[0005] In constructing a chemical refill system one 
of the problems is to accurately determine the level of 
the chemical reagent in the bubbler and in the reservoir 
so that transfers can be made at the proper time from 
the reservoir to the bubbler and the reservoir can be 
changed when it approaches being emptied. 
[0006] In addition to the technique shown and 
described in U.S. Patent 4,859,375 a number of liquid 
level sensing technique have been tried in the industry 
with varying degrees of success. 
[0007] A simple technique is weight sensing to 
determine the liquid level in the bubbler and/or the res- 
ervoir. Using a scale has the advantage of not requiring 
contact with the chemical reagent and can be independ- 
ent of the type of vessel that is used to either store or 
dispense the chemical reagent. However, there are dis- 
advantages in using scales for determining the level of 
the reagent and the various storage devices. To begin 
with there is a problem with small vessels, especially 



those made of stainless steel, that weigh more than the 
chemical that is contained inside of the vessel. For 
example, a scale to measure a kilogram (2.2 pounds) of 
chemical should be able to support a vessel weighing 

5 up to 7 kilograms (15.4 pounds) empty. Therefore, the 
difference between a full bubbler and an empty bubbler 
covers only 12.5% of the total available range of the 
scale reducing the total available signal and conse- 
quently scale resolution where the scale is electronic 

w and incorporated into the control system. Furthermore, 
since the vessels must be weighed, and they are inter- 
connected via piping systems, the piping connections 
must be flexible to avoid the effect of the weight of the 
piping on the vessels. 

is [0008] Another technique involved using floating 
probes to measure the level of the liquid. A float made of 
pdytetrafluoroethylene (Teflon) or stainless steel is 
immersed into the liquid (fluid). A magnetic reed switch 
is placed on the rod supporting the float, while a magnet 

20 is placed inside of the float, the magnet activating the 
reed switch. When the float comes within the vacinity of 
the switch the level of the liquid or reagent is indicated 
by an electronic circuit. The primary disadvantage of the 
float probe is that it immerses a moving object in the 

25 ultra pure fluid. This can produce some level of particu- 
late contamination, although appropriate cleaning of the 
probe can minimize particulate shedding. In addition, a 
highly viscous material may cause the float to stick, pre- 
venting its use as a level sensing device. Lastly, the 

30 selection of probe material is important because it is 
immersed in the reagent and therefore must not react 
with it. Usually materials for the floats are carefully 
selected and the surfaces of the float are highly pol- 
ished, with the float constructed to minimize the travel of 

35 the float so as to minimize the particulate formation 
problem. 

[0009] Yet another technique involves using optical 
probes. A first type of optical probe involves using an 
optical sensor placed outside of a transparent vessel. 

40 e.g. a vessel made of quartz. An infrared light beam is 
passed through the vessel, and in the event liquid is 
present, it is refracted away from the detector. On the 
other hand if liquid is not present than the beam of light 
passes through the detector and a signal is created 

45 which alerts the user that the liquid has dropped below 
a required level. If the quartz bubbler has an imperfec- 
tion in the wall, e.g. a dimple, this can cause light to be 
refracted away and a false reading given. Also, opaque 
liquids (a liquid that is opaque to the wavelength of light 

so being used) will prevent operation of such a device. 
Reagents that are sensitive to changes in the presence 
of infrared light should not be exposed to such a device. 
Another optical technique uses a quartz probe 
immersed into the chemical. In this type of device the 

55 principal of total internal reflection is used. The light 
shines through the quartz striking a reflective surface 
that is precisely aligned to the Brewster angle of the 
probe. If liquid is present, most of the light will escape 
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the probe, whereas if liquid is not present the light will 
mostly reflect back to the detector. This type of probe 
works well in theory but it has a number of practical 
drawbacks. The first is in the optical coupling of the 
photo transistor and light emitting diode ("LED") to the 5 
optical probe, incorrect alignment and/or damage to the 
optical interface can prevent reliable operation. Another 
factor to be considered is the angle of the probe relative 
to the bottom of the reservoir, especially if the bottom of 
the reservoir is a highly polished surface. In this case 
false reflections can be sent back to the probe. Lastly, 
since the probe has to be in intimate contact with the 
fluid it must be installed in the vessel when it is manu- 
factured before the chemical is placed into the vessel. 
This allows an opportunity for damage during manufac- 
turing or shipping, which will result in total inoperative- 
ness of this type of probe. Also optical probes must rely 
on a polymeric seal to join the quartz probe to a stain- 
less vessel which provides an increase in leak potential 
and thus is not applicable to those vessels that require 
metal to metal seals. 

[0010] Still another technique is to use electronic 
probes that generate an oscillating electromagnetic field 
called a "capacitive" technique. The probe is immersed 
into the fluid, and since the total capacitance and/or 
observed dielectric constant is based on the ratio of 
fluid to air in the vessel, sensitive electronics can be 
used to detect changes in the liquid level. These probes 
work well for many applications but calibration is very 
sensitive, since changes in the overall environment can 
change the system response. These probes require the 
use of insulation between the probe and the vessel, lim- 
iting its use in all-metal sealed vessels. 
[0011] Ultrasonic probes have been developed for 
level sensing in a vessel. These type probes have his- 
torically been relatively large and expensive but they 
provide a number of advantages over other types of 
level sensing methods and have become more compet- 
itive in the past few years. Several types of ultrasonic 
probes exist. A first type is effectively a "sonar" for 
measuring the level and is designed for larger vessels 
than those that are typically used in the semiconductor 
industry. Levels are generally measured in feet from the 
sensor with a one foot minimum gap required. This type 
of sensor does not require immersion of the probe into 
the liquid. A second type of ultrasonic sensor contains a 
transmitter and receiver which are placed directly into 
the liquid via a probe. The probe transmits an ultrasonic 
signal. In the event no liquid is present between the 
transmitter and the receiver, very little sound is 
detected. When liquid is present the signal strength 
improves dramatically and the receiver can detect ultra- 
sonic waves. A primary advantage of this technique is 
that the probe, though typically immersed in fluid has no 
moving parts and can use metal-to-metal seals. For 
most applications, ultrasonic techniques provide a relia- 
ble method for single point detection and can be used 
for level sensing when installed in the container sizes 



generally used in the semiconductor industry. 
[0012] Another level sensing technique employs 
microwave pulses. However, these systems are very 
complex and very expensive and are not desirable for 
use in the semiconductor industry. These systems are 
currently used to measure distances in feet or meters 
and find particular application in large-scale applica- 
tions, e.g. a 55 gallon reservoir, where there is a reason- 
able distance between the probe and the liquid surface. 
[0013] Pressure differential sensors use the differ- 
ence between the pressure at the top and the pressure 
of the bottom of a column of liquid. The primary draw- 
back of this type of device is sensitivity to pressure 
transducer calibrations, which can drift through time. 
[0014] Lastly, a technique for measuring chemical 
level involves the use of current flow through the chem- 
ical. In this application a very low voltage drives a low 
current through the fluid using a specialized circuit. 
Level sensing occurs when the voltage/current is picked 
up. This technique is fairly limited in application, working 
best with conductive and non-flammable chemicals. 
Suitable feedthroughs are required for use in an all- 
metal sealed system. This technique, as stated above 
requires that the material being measured is conductive 
and non-flammable. 

[0015] Therefore, there is a need in the industry to 
have a reliable system for determining the level of a 
chemical reagent used in a semiconductor manufactur- 
ing operation so that the semiconductor manufacturing 
process is assured of having an adequate supply of 
chemical reagent continuously at the point of use. 

BRIEF SUMMARY OF THE INVENTION 

[001 6] The present invention pertains to a refill sys- 
tem that contains one or more large bulk containers, 
with one or more of the containers being used as a 
replaceable source of chemical reagent for a semicon- 
ductor manufacturing operation. The bulk container is 
connected to a receiver vessel that can be installed 
inside of the clean room or fab manufacturing area to 
serve as the source of supply of the selected chemical 
reagent at a point of use. The vessel may be configured 
to refill from one to the other in a reservoir to reservoir 
feed mode, or one or more reservoirs to a receiver ves- 
sel in an automatically switching mode, from one or 
more reservoirs in either of the two proceeding modes 
to one or more small vessels (e.g. bubblers), that work 
in either a vacuum vapor draw or carrier gas bubbling 
method, from one or more reservoirs in the preceding 
modes to a mass flow control or vaporization system, or 
from one or more of the bulk reservoirs into a large fac- 
tory wide distribution manifold, the choice being dictated 
by the particular semiconductor fabrication operation. 
[0017] Thus, in one aspect the present invention is 
a system for providing chemically reactive vapor from a 
bubbler to a silicon wafer treating furnace and the like 
having a storage reservoir for containing and dispensing 
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urtra high purity chemical reagents, at least one bubbler 
adapted to receive the reagent transferred from the res- 
ervoir, and a conduit system adapted to move the rea- 
gent from the reservoir to the bubbler, wherein the 
improvement comprises; a multi level ultrasonic probe 
inserted into the bubbler the probe adapted to produce 
a first signal when the bubbler contains the reagent at a 
first level designated as full, at a second level designat- 
ing the bubbler as partially full and a third level designat- 
ing the bubbler as requiring transfer of additional 
reagent from the reservoir to the bubbler. 
[0018] In another aspect the present invention 
entails the use of an ultrasonic level probe in the reser- 
voir to determine when the reservoir requires additional 
reagent to be introduced into the reservoir from a 
remote source or to indicate when the reservoir must be 
replaced with a full reservoir. 
[0019] In another aspect the present invention is a 
method for transferring chemical reagents from a reser- 
voir to a remote receptacle via intermediate piping and 
transfer systems by incorporating an ultrasonic probe 
into the receiving vessel to determine precisely the level 
of chemical reagent in the receiving vessel, the ultra- 
sonic probe being connected electronically to a control 
system to initiate a refill procedure from the reservoir to 
the receiving vessel when a certain level of reagent is 
detected in the receiving vessel and terminating flow of 
reagent from the reservoir to the receiving vessel when 
a second or full condition in the receiving vessel is 
detected. 

[0020] In another aspect, the present invention 
includes methods for purging residual liquid from the 
inside of the delivery lines for use in replacing the 
source reservoir, and/or maintaining the delivery lines 
or internal system piping and valves, through the use of 
either vacuum cycle purging or through solvent cycle 
purging. A gas is delivered through a "cross-purge" 
valve and is used to push the residual chemicals from 
the internal delivery lines, back into the bulk reservoir. 
This area is then evacuated under vacuum with an 
optional inert gas feed. Generally, the vacuum pressure 
needs to be below the vapor pressure of the chemical 
being removed to effectively remove this chemical. The 
inert gas can help "sweep" this material out of the piping 
during the vacuum cycle. The pressure inside of the 
plumbing is monitored by the pressure gauge. When the 
chemical is fully removed, it is possible to identify this by 
noting the vacuum pressure as being equal to the base 
pressure of the plumbing when no chemical is present. 
[0021] In a final aspect, the present invention is a 
method for precisely distributing chemical to a reactor 
chamber utilizing a direct liquid injection or similar 
vaporization or dispensing technique. The ultrasonic 
probe would be used to indicate to the chamber when 
chemical was available and whether replacing a source 
reservoir was required. 



BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE 
DRAWINGS 

[0022] The single figure of the drawing is a sche- 
5 matic representation of a chemical refill system illustrat- 
ing the method and apparatus of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

10 [0023] Referring to the drawing the system 10 
includes a reservoir 12 which contains a reagent chem- 
ical 14. The reservoir 12 can be contained within a 
housing or cabinet 16 to contain any leakage from the 
reservoir 12. Housing 16 contains a vent system shown 
is generally as 18 to evacuate the housing 16 of reagent 
vapors, and a reservoir controller module 20, the con- 
struction and operation of which are well known in the 
art. Reservoir 12 has an inlet conduit 22 with a control 
valve 24 to admit a source of inert gas, e.g. nitrogen to 
20 the reservoir to pressurize the reservoir 1 2. Nitrogen or 
other carrier gas is introduced into the reservoir 12 
through valves contained in the controller module 20 
which receives the carrier gas through conduit 26. Res- 
ervoir 12 includes an outlet conduit 28 with a control 
25 valve 30 to deliver reagent through a connecting conduit 
32 through a second control valve 34 to a bubbler or 
ampoule 48. 

[0024] Disposed within the reservoir 12 is a level 
sensing device 38 such as manufactured and sold by 
30 Cosense Inc. of Hauppauge, New York. The sensing 
device 38 may include a single ultrasonic sensor dis- 
posed at the lower end 40 of the device 38 to indicate 
when the reservoir is empty or may have level sensors 
disposed at an intermediate level 42 and an upper level 
35 46 to indicate the presence of liquid at a full condition 
(location 46) or intermediately full position (level 42). 
Alternatively the ultrasonic sensor 38 can have an indef- 
inite number of ultrasonic sensors to detect varying lev- 
els of reagent in the reservoir 12. The use of a 
40 continuous level sense probe to provide these multiple 
levels in the reservoir provides equivalent results. 
[0025] Conduit or pipe 36 enters reservoir controller 
module 20 and passes through a control system so that 
an inert gas, e.g. nitrogen can be introduced into con- 
45 duit 32 via conduit 37 to purge the delivery conduits or 
piping of reagent. 

[0026] The plumbing or piping system associated 
with the reservoir 12, housing 16 and reservoir control- 
ler module 20 also includes a set of valves and piping 
so for purging. A valve 56 is used to isolate the high pres- 
sure push gas side of the piping system from the liquid 
containing side, and permits inert gas flow to occur that 
can push the liquid chemical back into the reservoir. 
Valve 58 is used to initiate the vacuum cycle permitting 
55 vacuum cycle purging. Valve 60 is used to isolate the 
pressure gauge and prevent its damage or loss of cali- 
bration during cycle purge and other operations. Valve 
62 is a vent valve, used to vent excess pressure from 
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the system during maintenance and line purging opera- 
tions. 

[0027] The ampoule or bubbler 48 includes a reser- 
voir of reagent chemical 50 and an inlet conduit 54 to 
admit a carrier gas such as nitrogen or helium into the 
bubbler 48 via control valve 52 and conduit 54. The bub- 
bler or ampoule 48 includes an ultrasonic level sensing 
device 64 of the type manufactured and sold by 
Cosense Inc., the company referred to above. As with 
the level sensing device in reservoir 12 the level sensing 
device 64 in bubbler 48 can have one ultrasonic device 
at the bottom 66 to detect an empty condition inside the 
bubbler or ampoule 48. However, this is not generally 
acceptable, since reagent should be transferred from 
the reservoir 12 to the bubbler 48 before the level of liq- 
uid at 66 is reached. Therefore, the level sensing device 
62 can have one or more intermediate level indicators 
68 and a full level indicator 70. Ampoule or bubbler 48 
includes an outlet conduit 72 and control valve 74 for 
dispensing reagent and a carrier gas to the point of use 
in the process reactor. A vent conduit 76 and vent con- 
trol valve 79 are included in the bubbler or ampoule 48 
(source container system) to permit venting of reagent 
vapors in a safe manner, as is well known in the art. 
Valves 78 and 80 are included in the source container 
system for the purpose of purging the system with an 
inert gas or by vacuum, as is well known in the art. 
[0028] The system 1 0 can include a master control- 
ler module 82, the master controller module 82 being 
connected electrically and via suitable plumbing con- 
nections to both the reservoir 12 and the bubbler 48 as 
is well known in the art. It is also possible to use a 
source control module 83 which is electrically con- 
nected to the master controller 82 via line 85. For exam- 
ple, ultrasonic level sensing according to the present 
invention may be adapted to chemical refill systems for 
sale by the Schumacher unit of Air Products and Chem- 
icals, Inc. Carlsbad California. 
[0029] According to the present invention when the 
system is connected as shown and the level sensing 
devices are placed as shown, when a signal is received 
by the master controller module 82 from the level sens- 
ing device 64, be it at level 66 or level 68 or some level 
intermediate of level 66 and level 68, the proper valves 
are opened to force reagent 14 from the reservoir 12 to 
the bubbler 48. One way of accomplishing this is to 
pressurize the reservoir 12 using nitrogen introduced 
through valve 24 and conduit 26. Alternatively the sys- 
tem 10 can be set-up to be a vacuum draw system 
where a vacuum is created in the head space in the 
bubbler 48 and valves 30, 34 are opened in order to 
draw a reagent from the reservoir 12 to bubbler 48. 
Alternatively, the chemical may be pushed form reser- 
voir 12 to a direct liquid injection or similar dispense unit 
in a downstream tod. 

[0030] As it is well known in the art the bubbler at 48 
and certain of the piping and controls can be contained 
within the clean room indicated by box 84. The reservoir 



12 and the associated piping can be contained outside 
of the clean room 84 so that the reservoir 12 can be 
replaced without the necessity of a person entering the 
clean room to refill the bubbler and thus the semicon- 

5 ductor Fab clean room is not compromised. 

[0031] The refill system 10 consist of a control sys- 
tem that may consist of a set of logic gates, a program- 
mable logic controller, or a microprocessor based 
computer of many known types. Each of these types of 

10 control systems is functionally equivalent as long as the 
functions of the controllers are properly executed. In 
addition a plumbing manifold provides the ability to push 
ultrapure chemical out of the reservoir 1 2 with the use of 
a pressurized gas, or alternatively, by using a pumping 

15 or a vacuum draw system. The manifold needs to pro- 
vide access for the pressurizing or pushing gas, an exit 
point for the chemical to exit the vessel, a valve to allow 
venting of excess pressure from the reservoir, a valve to 
provide a vacuum source for purging the manifold 

20 (which could include the vent valve previously men- 
tioned), and a cross purge valve for connecting the liq- 
uid and gas pressure sides of the manifold for purging 
purposes. Other valves and piping may be installed to 
prevent isolation of various sensors, including vacuum 

25 and gas pressure, alternative level sensing techniques 
and the like, all of which are known and some of which 
are currently employed. 

[0032] In the case of a reservoir to reservoir feed 
mode, valves and piping must be present to permit the 

30 ultrapure chemical to enter the receiving vessel, as well 
as to exit the vessel for distribution to a process tools 
further down stream. In this case, both vessels need to 
have independent means of purge and removal, 
although that is not a strict process requirement, but is 

35 based on minimizing the down time and impact of reser- 
voir replacement. 

[0033] In the case of an autoswrtching feed mode, 
valves and piping must be present to permit the reser- 
voirs to alternatively run chemical from one reservoir to 

40 another without impacting the process in the one that is 
not currently active. The inactive reservoir(s) need to 
have independent means of purge and removal, 
although that is not a strict process requirement but is 
based on minimizing the down time impact of reservoir 

45 replacement. 

[0034] In the case of feeding a receiving vessel 
residing in a process tool, means must be provided to 
permit delivery of the chemical into the tool, to permit 
the flow of chemical into the receiving vessel with ade- 

50 quate venting and/or pressure control to prevent back 
streaming or other adverse process conditions, as well 
as the means for purging the manifold for replacing the 
receiving vessel in the event of contamination or dam- 
age. 

55 [0035] In the case of feeding a process tool directly 
via direct liquid injection, or feeding a broad area distri- 
bution manifold, the manifold needs to be designed to 
maintain constant pressure to the manifold at all times. 
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This is typically performed through the use of a combi- 
nation of standard pressure regulators, and back pres- 
sure regulators, or pressure relief valves of various 
types. All of these are functionally equivalent as long as 
the process line pressure stays stable within specified 5 
ranges. 

[0036] The plumbing manifold may be constructed 
of either Teflon, stainless steel, Inconel, Hastalloy, tita- 
nium, or inert lined components, such as stainless steel 
coated with Teflon or coated with Si02, depending on 10 
the corrosivity of the materials being delivered. In the 
case of tetraethylorthosilicate ("TEOS") and associated 
dopants, AISI type 31 6L stainless steel is recom- 
mended, in the case of 1,2-transdichloroethylene and 
other more corrosive sources, Teflon is the material of 15 
choice. Other chemicals that may be run in the refill sys- 
tem with suitable plumbing are compounds, such as 
CupraSelect, i.e., cuprous hexafluoroacetylaceto- 
nate.trimethylvinylsilane ("Cu(hfac)(TMVS)"), cupric 
bis(hexafluoroacetylacetonate) ("Cu(hfac)2"), tantalum 20 
tetraethoxide (TAETO"), tetrakis(diethylamino)titanium 
(TDEAT), tetrakis(dimethylamino)titanium ("TDMAT"), 
dimethylaluminumhydride ("DMAH") and similar alumi- 
num precursors; alternative silicon dioxide, silicon 
nitride and fluorinated silicon dioxide sources, such as 25 
fluorotriethoxysilane ("FTES"), bis(tertiarybutyl)ami- 
nosilane ("BTBAS"), diethylsilane and related types of 
compounds; mixtures of solid precursors dissolved in 
solvents, such as boron strontium titanate ("BST") pre- 
cursor materials; solid materials that are liquefied or 30 
sublimated in situ by heating the reservoir or refill sys- 
tem cabinet; process solvents and cleaning agents 
including hexafluoroacetylacetone ("Hfac"), trimethylvi- 
nylsilane (TMVS"), toluene, hexane, nitric acid, 
hydrofluoric acid, and related compounds, including 35 
neutralizing agents; solvents for photomasking opera- 
tions, including edge bead removal chemicals such as 
ethyl lactate, and developer solutions, chemical 
mechanical polishing slurries, spin on materials for use 
as precursors for spin-on glass, spin-on dopant, and 40 
spin-on metal precursors, triethylborate (TEB M ), tri- 
methylborate ("TMB"), trimethylphosphite ("TMPI"), tri- 
methylphosphate ("TM P07, 1,1,1 -trichloroethane 
("TCA"), polypropylene glycol monomethylether acetate 
("PGMEA") and all other liquid chemical precursors and 45 
dopants that are related to chemical vapor deposition 
("CVD") photoresist and developer and diffusion opera- 
tions. 

[0037] The reservoir can be housed in a cabinet 
that contains the control systems, local manifolds, so 
safety options, such as spill containment, fire detection 
and suppression, vapor and spill detection, and any 
required heating systems to liquefy, reduce viscosity or 
sublimate precursor materials that reside within the 
process reservoirs. 55 
[0038] Level sensing according to the present 
invention utilizes ultrasonic energy to determine the 
position of the chemical. In one embodiment, the ultra- 



sonic probes consist of ultrasonic transmitters that are 
enclosed in a steel or Teflon jacket that transmit energy 
in the event liquid is present, and do not transmit energy 
in the event liquid is no longer present. The transmis- 
sion of the energy is detected by a suitable sensor also 
mounted in the steel or Teflon jacket. The detection of 
the energy causes electrical changes that are transmit- 
ted through a cable into the control system. This detec- 
tion system is called a "discrete" system, since each 
level is uniquely identified with the use of one pair of 
transmitter/detectors. Multiple transmitter/detector pairs 
can be installed in the steel or Teflon jacket to provide 
multiple levels of chemical to be detected. 
[0039] In another embodiment, an ultrasonic sensor 
that sends waves of energy into a rod or into the con- 
tainer walls can be utilized. In this case, the transmitter 
and receiver are mounted on either the outer or inner 
surface of the reservoir. The transmitter emits a signal, 
and it is then reflected back to the detector after striking 
the liquid level surface. The level of the fluid can be 
determined either through determining the time delay 
between the transmission and the reflection, or by mon- 
itoring phase shifts of the reflecting signal, and may 
include the use of multiple frequency ultrasonic trans- 
missions to reduce variability. This system is called a 
"continuous" level sense, and provides data on the level 
of the chemical in an analog fashion, as opposed to the 
discrete method described above. Both techniques are 
functionally equivalent in this application. 
[0040] The ultrasonic level sense of the present 
invention is used in a variety of ways, depending on the 
application. 

[0041] The first application is to use two or more 
sensors in a reservoir with a low level sensor to indicate 
when a replacement reservoir needs to be changed, a 
warning low level sensor to indicate that the reservoir is 
nearly empty. A third level sense can be used at the top 
of the reservoir to indicate that the vessel has been 
overfilled. This upper level probe can alternatively be 
used to indicate cable damage or cable disconnect. A 
single sensor can be used to indicate empty only, but is 
generally discouraged by industry, since this provides 
no warning that the vessel is about to run empty. This 
application setup can be used in either a supply reser- 
voir or in a receiving reservoir. 
[0042] The second application uses three or more 
sensors in a receiving reservoir or vessel that requires 
bang filled to a specific level. In this case, an overfill 
sensor is placed at the very top of the probe, a "fill stop" 
sensor is placed at the maximum specified level, fre- 
quently around 70% full, a "fill start" sensor is placed at 
the minimum specified level, frequently around 40-60% 
a "low" or "empty" sensor placed below the lill start" 
location to indicate the reservoir is well below specified 
values, indicating a failure of some sort, and optionally, 
a "completely empty" sensor to indicate that the reser- 
voir has drained completely. This might be used when 
removing a reservoir for maintenance or cleaning. 
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[0043] The third application uses multiple sensors 
in a system that contains solid or highly viscous precur- 
sors. In this application, float probes, optical and capac- 
itive probes do not work efficiently, while ultrasonic 
probes can be adjusted to work rather well. In addition, 
the vessels or refill system cabinet may be heated to 
permit the delivery of either liquid precursor, or subli- 
mated solid precursors. The level sense will work in a 
manner similar to the first or second applications within 
the constraints of the process tool that is being replen- 
ished. Some examples of materials that fall into this cat- 
egory include Cu(Hfac)2, TAETO, DMAH, and many 
BST, and similar precursor materials. 
[0044] The size of the vessel has no effect on the 
method and apparatus of the present invention. Receiv- 
ing and source reservoirs may range in size, with 200 
liter nominal, 20 liter nominal, 10 liter nominal, 1.5 to 3 
liter nominal, and 0.5 liter nominal sizes being typical. 
The vessel itself may be constructed of 31 6L stainless 
steel, quartz, Teflon, or other material inert to the proc- 
ess chemical in question, and may be lined with another 
material to reduce the reactivity of the bulk chemical 
and the vessel walls. 

[0045] Continuous ultrasonic level sense can be 
used to meet the requirements dictated by the size, 
shape and material of construction of the vessel, simply 
by setting the various setpoints in software or hardware 
within the control electronics. 
[0046] The operation of the refill system is fairly 
straightforward. When the receiving vessel reaches a 
low level or fill start condition, the ultrasonic level sense 
probe status changes. This is picked up by the control 
electronics that then initiates a valve sequence on the 
supply reservoir to permit filling of the receiver vessel. 
The control system observes the condition of the fill stop 
sensor, and when it transitions to a liquid present state, 
the control system closes the valves to stop the filling 
process. In the event of a failure of the fill stop sensor, 
the overfill sensor will eventually be reached, and in the 
event that it detects liquid, the system fill function is 
stopped. This operation continues until the source res- 
ervoir indicates a low or empty signal. When this occurs, 
the control system generates an alarm, and the opera- 
tor can select when they wish to provide a reservoir 
change. In the event of the auto-switching mode 
described above, the control system will automatically 
initiate the filling procedure using the second or subse- 
quent reservoir in line while the supply reservoir is 
replaced. 

[0047] Thus, the present invention is an improve- 
ment over known chemical refill systems in that the con- 
ventional techniques for signaling the transfer of 
reagent from the reservoir to the bubbler or ampoule are 
replaced by an ultrasonic level sensing device. The 
ultrasonic level sensing device has no moving parts. 
There is no compromise of the chemical from moving 
parts being contained in a level sensing system as there 
are with many of the prior art techniques noted above. 
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In addition, the ultrasonic level sensing device has 
improved reliability and requires no specialized plumb- 
ing. The ultrasonic level sensing control system is more 
reliable then optical probes and provides clean, non- 

5 moving discrete or continuous data regarding the level 
of the ultrapure chemical. It removes sources of particle 
generation, improves reliability and maintainability of 
the probe and the overall system. In addition, this tech- 
nique works better than any of the others in the use of 

w high viscosity source materials. In these case, float 
probes stick, and optical and capacitive probes fail due 
to chemical adhesion on their surfaces. 
[0048] It is within the scope of the present invention 
to use inert gas purging, vacuum cycle purging and sol- 

15 vent purging to remove residual process reagents from 
the storage and delivery system. 
[0049] Therefore, to the user of the reagent there 
are a number of benefits. Most importantly is the con- 
stant maintenance of the purity of the reagent chemical. 

20 In addition there is a reliable determination of the level 
of reagent in both the reservoir and the bubbler or 
ampoule and the precise timing of the transfer of rea- 
gent from the reservoir to the bubbler. 

25 Claims 

1. In a system for providing chemical reagent by one 
of an ampoule or a direct liquid injection system to 
semiconductor processing reactors and the like, 

30 comprising a source reservoir for containing and 
dispensing ultrahigh purity chemical reagents, at 
least one receiver selected from the group consist- 
ing of an ampoule or a direct liquid injection system 
adapted to receive said reagent transferred from 

35 said source reservoir via a conduit system adapted 
to move said reagent from said source reservoir to 
said receiver, the improvement comprising: at least 
one multilevel ultrasonic probe, being one of 
inserted into said receiver or placed on an outside 

40 surface of said receiver, said probe adapted to pro- 
duce a first signal when said receiver contains said 
reagent at a first level designated full, at a second 
level designating said receiver as partially full and 
third level designating said receiver as requiring 

45 transfer of additional reagent from said source res- 
ervoir to said receiver and said level of reagent in 
said source reservoir monitored by a separate mul- 
tilevel ultrasonic probe inserted into said source 
reservoir. 

50 

2. A system according to claim 1 wherein said ultra- 
sonic probe is electrically connected to a control 
system including means to transfer reagent from 
said reservoir to said receiver in response to a sig- 

55 nal generated by said ultrasonic probe. 

3. A system according to claim 2 wherein said signal 
corresponds to a level of reagent in said receiver 
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above said third level of said probe. 

4. A system according to claim 1 including means to 
introduce an inert gas into said source reservoir to 
pressurize said source reservoir to cause said rea- s 
gent to transfer from said source reservoir to said 
receiver. 

5. A system according to claim 1 including means for 
purging said residual process reagent from the 10 
delivery/feed lines using one of vacuum cycle purg- 
ing or solvent purging to effect reagent removal. 

6. A system according to claim 1 including means to 
automatically operate valves operated through one 15 
of pneumatic or electrical actuators. 

7. A system according to claim 6 wherein said valves 
operate from computer generated signals sent to a 
valve actuator. 20 

8. A system according to claim 4 wherein said means 
to introduce an inert gas into said source reservoir 
can be adapted to introduce said inert gas into said 
receiver to act as a carrier gas. 25 

9. A system according to claim 1 including an ultra- 
sonic probe, being one of disposed in said source 
reservoir, or placed on an outside surface of said 
reservoir, to determine the level of chemical rea- 30 
gent in said source reservoir. 

10. A system according to claim 1 including at least one 
ampoule with ultrasonic level detectors as said 
receiver connected to said source reservoir. 35 

11. A system according to claim 1 including means to 
create a partial vacuum in said receiver to cause 
chemical reagent to move from said source reser- 
voir to said receiver, or to create positive pressure 40 
on said source reservoir to effect the reagent trans- 
fer. 

12. A system according to claim 1 wherein said 
receiver is a direct liquid injection system to provide 45 
reactive vapor to said processing reactor. 

13. A system according to claim 7 including a plurality 
of ampoules each with ultrasonic level detectors as 
said receiver connected to said source reservoir. so 

14. A system according to claim 1 wherein said 
receiver is an ampoule and includes one of means 
to create a partial vacuum in said ampoule to cause 
chemical reagent to move from said ampoule to a ss 
semiconductor processing reactor, or means to 
supply positive pressure to the source reservoir to 
cause chemical reagent transfer. 



15. A system according to claim 1 1 including means to 
pressurize said source reservoir with an inert gas to 
force reagent to move to one of a direct liquid injec- 
tion system or liquid mass flow controllers. 

16. A system according to claim 1 adapted for the refill- 
ing of chemical reagent selected from the group 
consisting of TEOS, TEB, TMB, TMPI, 7MPO, 
Cu(hfac)(TMVS) and its various blends, TDEAT, 
TDMAT, T1CI4, DCE, TCA, POCI3, BBr3, PCI3. 
TAETO, BTBAS, BST precursors dissolved in car- 
rier solvents, solid materials requiring liquifaction 
such as Cu(hfac)2, PGMEA, Ethyl Lactate, all other 
liquid chemical precursors and dopants that are 
related to CVD, photoresist and developer, and dif- 
fusion operations. 

17. A system according to claim 1 , wherein the materi- 
als of construction for the system are selected from 
the group consisting of stainless steel, Teflon, 
Inconei, Hasteloy, quartz, glass, plastic and other 
materials that are not reactive with the chemical 
reagent to be used in the system. 

18. In a method for transferring chemical reagent from 
a source reservoir to a receiver for a semiconductor 
processing reactor contained inside a clean room in 
a semiconductor fabrication facility utilizing a 
source reservoir for holding a bulk quantity of said 
reagent, one or more receivers from which said rea- 
gent is dispensed to produce an effect on a semi- 
conductor substrate, transfer piping between said 
reservoir and said receiver, and a control system 
including means to sense liquid levels inside said 
source reservoir and said receiver, the improve- 
ment comprising: 

providing at least one ultrasonic probe at one of 
inside said reservoir or placed on an outside 
surface of said reservoir, said probe adapted to 
produce a signal when a level of reagent in said 
reservoir is reached that indicates said reser- 
voir needs one of, a refilling of said reagent or 
replacement with a full reservoir; 
conducting said signal to said control system to 
activate one of, an alarm signal, an indicator 
light, or a digital readout to alert a user to 
attend to said reservoir; 
providing an ultrasonic probe in said receiver, 
said probe adapted to produce a signal when a 
level of reagent in said receiver is reached that 
indicates said receiver needs to be refilled with 
said chemical reagent; and 
using said signal from said ultrasonic probe in 
said receiver to cause transfer of said chemical 
reagent from said reservoir to said receiver. 

1 9. A method according to claim 1 8, including providing 
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a multilevel ultrasonic probe inside said source res- 
ervoir, said probe adapted to produce signals indi- 
cating one of three levels of liquid reagent inside 
said reservoir, said levels being one of, a first or full 
level, a second or partially full level and a level 5 
where the reservoir needs to be refilled or replaced. 

20. A method according to claim 18 including providing 
in each of said receivers a multilevel ultrasonic 
sensing probe, said probe adapted to produce sep- 10 
arate signals indicating a condition inside said 
receiver being one of, having a level of liquid rea- 
gent indicating said receiver is full, having a level of 
liquid indicating said receiver needs liquid reagent 
transferred from said source reservoir to said 15 
receiver, and a level of liquid reagent indicating said 
receiver contains a level of liquid between full and 
requiring transfer of liquid reagent from said source 
reservoir to said receiver, and conducting said sig- 
nals to said control system to activate one or all of 20 
an alarm signal, indicator lights corresponding to 

the liquid reagent level in said receiver, digital read- 
outs of the level of liquid reagent in said receiver 
and transfer of liquid reagent from said source res- 
ervoir to said receiver. 25 

21. A method according to claim 20 including using 
said signals to set said control system to automati- 
cally initiate transfer of liquid reagent from said 
source reservoir to said receiver when a pre- 30 
selected low level of liquid reagent is sensed in said 
receiver and to terminate transfer of liquid reagent 
when said full level is sensed in said receiver. 

22. A method according to claim 18 including installing 35 
one of a direct liquid injection system or a dispens- 
ing system as said receiver. 
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